The effects of the perivascular microapplica tion of sulphated cholecystokinin octapeptide (CCK-S) on pial arteriolar calibre have been examined in anaesthe tised cats using a video-display image-splitting technique,
Neocortical perikarya, which are thought to con tain cholecystokinin octapeptide (CCK-8), give rise to neuronal processes, of which some form synaptic connections with other cortical neurones and others make intimate contacts with cortical blood vessels (Hendry et aI., 1983) . Although there has been spec ulation that this unusual anatomical connection be tween the brain and its vasculature may be involved in the coupling of local blood flow to local neuronal activity, the almost complete absence of informa tion concerning the actions of CCK-8 in the cere brovascular circulation has restricted critical eval uation of much of the speculation (see McCulloch, 1983) . In this work, we examined the effects of CCK-8 in the pial circulation in situ using the peri vascular microapplication technique developed by Wahl et al. (1972) . This technical approach has al ready been successfully employed in the elucidation of the cerebrovascular actions of various peptides, including vasoactive intestinal polypeptide (VIP), substance P, neuropeptide Y, and bradykinin (McCulloch and Edvinsson, 1980; Edvinsson et aI., 1981 Edvinsson et aI., , 1983c Wahl et aI., 1983) .
by the perivascular microinjection of alkalotic (pH 7.45) or acidic (pH 6.S) artificial CSFs, respectively. Thus, al though CCK-S-immunoreactive neuronal processes are known to be associated with cortical blood vessels, CCK S appears to have minimal vasomotor effects on pial ves sels. Key Words: Cerebrovascular circulation-Chole cystokinin -N europeptides.
METHODS
The experiments were pertormed on eight cats of either sex, weighing between 2 and 4 kg. The animals were an aesthetised initially with a mixture of alphaxolone (6. 75 mg/kg) and alphadolone acetate (2.25 mg/kg) adminis tered intravenously. They were then intubated and con nected to an intermittent positive pressure pump deliv ering 25% oxygen/75% nitrogen in open circuit. The right femoral artery and vein were cannulated to permit the continuous measurement of arterial blood pressure and the intravenous administration of fluid or anaesthetic agents. Anaesthesia was maintained during the subse quent course of the experiment with a-chloralose (60 mg/ kg i.v.). Additional a-chloralose was administered when necessary to prevent the return of the corneal reflex. The animals were maintained normocapnic (Pac02 close to 32 mm Hg) throughout the course of the experiments. The end-tidal concentration of carbon dioxide was monitored continuously by means of an infrared analyser, and sam ples of arterial blood were taken intermittently during the experiment for the estimation of Paco2, pH, and Pao2• In every cat, the mean arterial pressure was always >SO mm Hg. Rectal temperature was maintained at 3S0C with a heating blanket. The head of the animal was placed in a sterotactic frame, and a longitudinal incision was made in the scalp, which was then retracted and ligated onto a metal ring in such a manner that it formed an intact pool, �2 cm deep, over the calvarium. The left temporal muscle was retracted, and a craniotomy, measuring 2. 5 1. McCULLOCH AND P. A. T. KELLY oil, which was monitored throughout the experiment, was maintained by the continuous replacement of oil in the pool with oil delivered via a thermostatically controlled heating system. The dura was carefully incised, and any bleeding from the cut dural edges was sealed using bipolar diathermy.
Vascular calibre was measured using the method of Baez (1966) . Individual pial vessels on the convexity of the brain were viewed through a binocular microscope at a magnification of either x 40 or x 70. The image was passed through an image-splitting eyepiece (Vickers) to a closed-circuit television camera and displayed on a tele vision monitor. Vascular diameter was measured from the degree of shear applied to the image splitter, which had been calibrated against wire or thread of known diameter.
The sulphated form of CCK-S (Cambridge Research Biochemicals) was dissolved in artificial CSF composed of 156 mMNa+, 3 mM K+, 2.5 mMCa2+, 12 mMHCOl, and 152 mM CI-. The pH was adjusted to 7.2 by aeration with a mixture of carbon dioxide (5%) and oxygen (95%). Solutions containing 5 mM (pH 6.S) or 22 mM (pH 7.45) HCOl were prepared by the appropriate substitution of chloride ions.
The solutions containing CCK-S were freshly prepared on each day from a stock solution of CCK-S (10-4 M in distilled water) that was maintained throughout the month of experimentation at -50°C, stored as mUltiple aliquots. Individual aliquots of the stock solution were thawed only prior to use and were never refrozen or reused. CSF con taining CCK-S was investigated within 90 min of prepa ration. Glass micropipettes with a tip diameter of S-IO f.Lm were filled with CSF under mineral oil. The micropipettes were inserted through the arachnoid into the perivascular space close to a cerebral artery or vein, using a micro manipulator. A minute amount (�5 f.Ll) of the mock CSF was injected carefully into the perivascular space over 15 S, and any resulting alterations in vascular calibre were monitored for periods of up to 3 min following the injec tion. Statistical comparisons were made using analysis of variance (Scheffe). Data are presented as means ± SEM.
RESULTS
The perivascular microapplication of artificial CSF (pH 7.20) minimally altered pial arteriolar cal ibre (mean change from preinjection level 1.9 ± 1.6%, n = 15). Microinjection of this CSF con taining CCK-8 (10-10-10-6 M) failed to alter sig nificantly pial arteriolar diameter in vessels with preinjection calibres in the range of 47-267 fLm (Fig. 1) . The influence of CCK-8 on the pial arte riolar dilatations provoked by acidic CSF (pH 6.8) and the constrictions provoked by alkalotic CSF (pH 7.45) was also examined. The perivascular mi croinjection of acidic CSF containing high concen trations of CCK-8 (10-7 M) elicited significant ar teriolar dilatation (20.7 ± 1.5%, n = 7) of a similar magnitude to that produced by acidic CSF that did not contain the neuropeptide (24.5 ± 3.3%, n = 8) (Fig. 2) . The arteriolar constriction provoked by local injections of basic CSF ( -16.3 ± 2.6%, n = 7) was not significantly modified by the presence of CCK-8 (10-7 M) in the injectate (-13.2 ± 2.1%, n = 7) . The time courses of these arteriolar constric tions and dilatations, both their onset and decay, were not modified by CCK-8 (10-7 M).
DISCUSSION
In the last decade, our knowledge of the inner vation of cerebral blood vessels has increased mark edly. The classic view of cerebrovascular innerva tion was of perivascular noradrenergic fibres arising in the sympathetic ganglia and of cholinergic fibres derived from the cranial nerves (see Edvinsson, 1976) . Recent elaborations of this classic view have been the identification of other neurotransmitters/ neuromodulators in the same well-established ana tomical arrangements, for example, the demonstra tion of neuropeptide Y as a putative cotransmitter in a major portion of the cerebrovascular sympa- the tic fibres (Edvinsson et aI., 1983b; Lundberg et aI., 1983) and of the presence of perivascular sub stance P fibres carried in the trigeminal nerve (Ed vinsson et aI., 1981; Liu-Chen et aI., 1983) . How ever, the most radical innovations have been the data that indicate that neurones within the CNS make apparently functional contacts with cerebral vessels as well as form synaptic connections with other central neurones (see McCulloch, 1984) . These novel anatomical arrangements between CNS neurones and cerebral vessels have now been described for noradrenergic systems (Raichle et aI., 1975) , serotoninergic systems (Scheibel et aI., 1975; Chan-P alay, 1976; Reinhard et aI., 1979; Griffith et aI., 1982; Sano et aI., 1982; Edvinsson et aI., 1983a) , VIP (Loren et aI., 1979) , and, of particular interest here, CCK-8 (Hendry et aI., 1983) .
The functional significance of the innervation of cerebral vessels by intracerebral CCK-8 neurones remains unknown. The morphological evidence of a direct anatomical link between cerebral blood ves sels, delivering substrates to cerebral tissue, and the neurones, which are principally responsible for the utilisation of substrates, is the basis for the hy pothesis that systems such as those containing CCK-8 are involved in the local coupling of neu ronal excitability (and thus oxidative metabolism) to local cerebral blood flow (see McCulloch, 1983 McCulloch, , 1984 . Although sulphated CCK-8 can effect marked changes in neuronal firing rates (P hillis and Kirkpatrick, 1980; Dodd and Kelly, 1981) , the lack of vasomotor effects on pial arterioles, demon strated in the present study, indicates that CCK-8 would be an unlikely candidate for involvement in maintaining the coupling of blood flow and metab olism.
Not only did CCK-8 fail to alter pial arteriolar calibre, but the peptide also failed to modify the arteriolar responses to acidotic and alkalotic CSF. As the perivascular hydrogen ion concentration is classically considered to be a key element in flow metabolism coupling, these observations further weaken the case for the involvement of CCK-8 in the coupling process. It would seem unlikely that the minimal vasomotor effects of CCK-8 noted in the present study reflect merely the inability of the technique to demonstrate efficacy, particularly as the same experimental techniques have been suc cessfully used to demonstrate the cerebrovascular actions of various other peptides such as substance P, VIP, bradykinin, and neuropeptide Y (McCulloch and Edvinsson, 1980; Edvinsson et aI., 1981 Edvinsson et aI., , 1983c Wahl et aI., 1983) . Moreover, Hanko et ai. (1981) noted that the nonsulphated form of CCK-8 neither constricted nor dilated feline middle cerebral ar teries in vitro; these preliminary observations are in accord with those in the present study. However, the ever-present imponderable of whether the re sponses of pial arterioles to CCK-8 are truly indic ative of the responsiveness of intracerebral arteri oles remains unanswered.
In any investigation in which minimal effects are noted with a putatively biologically active agent, the breakdown or inactivation under the experimental conditions is always a major concern. With CCK-8, however, all the available evidence indicates that this small peptide is stable in aqueous solutions. CCK-8 is extracted from biological tissues, without degradation, by boiling the tissue in water for 1-2 h (Marley and Rehfeld, 1984) , an approach that would hardly be compatible with an instability of the peptide in aqueous solutions such as CSF. Di rect measurements of CCK confirm that authentic CCK-8 remains undegraded in saline solutions even after 14 days at body temperature (Crawley and Beinfield, 1983) . Furthermore, in addition to the ex periments described previously (Fig. 1) , we have examined the vasomotor effects of CCK-8 (sul phated) that was purchased from a different supplier (Sigma) and investigated immediately upon receipt. CCK-8 from this different source was also devoid of cerebrovascular effect at concentrations similar to those in the present study 00-7 M; mean calibre change 0.3 ± 3.6%; n = 7).
A possibility to be considered is that because of cross-reactivity, the neuronal processes containing CCK-8-like immunoreactivity that make contacts with cerebral vessels do not in fact contain au thentic CCK-8 (Hendry et aI., 1983) . The antiserum employed by Hendry et ai. (1983) does not cross react with a number of peptides known to be as sociated with cerebral vessels, including substance P, somatostatin, and VIP, but it does cross-react with other members of the CCK/gastrin peptide family (Beinfeld et aI., 1981) . The CNS contains 33and 39-amino acid CCK polypeptides (CCK-33 and CCK-39) that are the putative precursors of car boxy terminal fragments comprising 8 (CCK-8), 12 (CCK-12), and 4 (CCK-4) amino acids found in ce rebral tissue (Emson and Marley, 1983) . Hitherto, of these, only CCK-8 has been demonstrated in the extracellular fluid bathing the pial vessels in cats (Wang et aI., 1983) . CCK-8 is present in the peri vascular space in concentrations almost identical to those of VIP (Wang et aI., 1983) , but has minimal cerebrovascular effects in concentrations to the mi cromolar level, whereas VIP provokes significant dilatation at the nanomolar level (McCulloch and Edvinsson, 1980) . In such dynamic areas of re search as neuropeptide chemistry and molecular bi ology, the possibility that the CCK-8-like immuno reactivity around cerebral vessels is indicative of some presently unknown vasoactive peptide of an tigenic similarity cannot be excluded. Alternatively, the vasoactive agent in the CCK-8-immunoreactive fibres may not be CCK-8 itself, but some other neu rotransmitter/neuromodulator colocalised with CCK-8. There is already excellent evidence for the coexistence of CCK-8 and dopamine in the striatum and ventral mesencephalon (Hbkfelt et aI., 1980) , but no information is yet available of any coexist ence in cortical CCK-8 processes.
The simple hypothesis provoked by the CCK-8 neuronal-cerebral vessel connections (Hendry et aI., 1983 ) that these systems are part of a new mech anism by which neuronal excitability, and thus en ergy utilisation, are linked to cerebral blood flow would appear not to be tenable in the absence of demonstrable vasomotor effects of CCK-8 on ce rebral vessels. The morphological evidence gives rise to further challenging possibilities. In addition to the contact made with cerebral arterioles, the putative CCK-8 processes also abut cerebral cap illaries (Hendry et aI., 1983) . This suggests a pos sible role for these fibres in modulating blood-brain barrier permeability, such as has been proposed previously for the intracerebral noradrenergic fibres that "innervate" cerebral capillaries (Raichle et aI., 1975) . Alternatively, the direct apposition of the perikarya containing CCK-8 immunoreactivity with the basal lamina of the blood vessel, without any glial intervention, is the anatomical basis for the suggestion, proposed originally for raphe neurones (Scheibel et aI., 1975) , that these arrangements have a neurosecretory or vascular sensory function.
